Abstract. Poorly differentiated (PD) adenocarcinoma often retains the capacity for neuroendocrine (NE) cell differentiation; however, it is difficult to distinguish the NE cell differentiation by routine hematoxylin and eosin staining. It is important to detect the presence of NE cell differentiation in advanced colorectal carcinomas because these carcinomas have been shown to produce distant metastasis at the time of diagnosis and to have a particularly poor prognosis. In this study, the characteristics of PD adenocarcinoma with NE cell differentiation and its biological metastatic mechanisms were investigated. Forty-eight of 2204 colorectal cancer patients, diagnosed as having PD adenocarcinoma (2.2%) were enrolled in this study. Immunohistochemical analysis was performed with anti-chromogranin A anti-synaptophysin, anti-CD34, anti-D2-40, and anti-VEGF antibodies. The clinicopathological factors for PD adenocarcinoma with NE cell differentiation were compared with those for PD adenocarcinoma without NE cell differentiation. Microvessel density (MVD) was assessed using immunostained slides with anti-CD34 antibody and vascular endothelial growth factor (VEGF) expression in PD adenocarcinoma with NE cell differentiation was confirmed by in situ hybridization. By immunohistochemical staining for chromogranin A and synaptophysin, NE cell differentiation was detected in eight of 48 patients (16.7%) with PD adenocarcinoma. The frequency of liver metastasis at the time of diagnosis was significantly higher in patients having PD adenocarcinoma with NE cell differentiation (p=0.03). Moreover, MVD and VEGF expression level tended to be higher in patients having PD adenocarcinoma with NE cell differentiation (p=0.13 and 0.068, respectively). NE cell differentiation in PD adenocarcinoma may produce liver metastasis through microvessel formation in the tumor induced by VEGF. In PD colorectal adenocarcinoma, immunohistochemical analysis of NE markers is important for establishing the presence of NE cell differentiation and further study is necessary to evaluate the effectiveness of anti-angiogenic drugs to PD adenocarcinoma with NE cell differentiation.
Introduction
Clinically, poorly differentiated (PD) colorectal adenocarcinoma can rapidly metastasize to distant organs and has a poor prognosis compared with well-or moderately differentiated adenocarcinoma. PD colorectal adenocarcinoma is comparatively rare. Particularly in Japan, the frequency of PD adenocarcinoma is less than 5.0% (1) , whereas a frequency of 10 to 25% has been reported in western countries (2) (3) (4) .
Some PD colorectal adenocarcinomas show neuroendocrine (NE) cell differentiation in some parts of the tumor; however, it is not easy to diagnose the NE cell differentiation by routine hematoxylin and eosin (H&E) staining. Histopathologically, adenocarcinomas with NE cell differentiation, carcinoid tumors and NE carcinomas contain NE granules in their cytoplasm. Carcinoid tumors are characterized by being composed of small cells containing regular well-rounded nuclei and tumors with increased atypical nucleus, high number of mitotic figures, or areas of necrosis have in the past been broadly termed 'atypical' or 'anaplastic' carcinoids. These tumors have more recently been classified as either well-differentiated or poorly differentiated NE carcinomas (5) . NE carcinomas in the colon and rectum are a heterogeneous group of tumors that display aggressive clinical behavior (6) . Compared with common adenocarcinomas, NE carcinomas of the colon and rectum have a significantly poor prognosis (7) (8) (9) .
A previous study demonstrated that NE cell differentiation can be used as an independent prognostic factor in colorectal cancer of stages III and IV, and NE cell differentiation was found more frequently among PD tumors than in well-or moderately differentiated tumors (10) . Tumor cells with NE cell differentiation exhibit characteristic neurosecretory granules in the cytoplasm as shown by electron microscopy. By immunohistochemistry, NE cells are shown to be stained by NE markers, such as synaptophysin, chromogranin, or neuron-specific enolase (NSE). The definitive pathological diagnosis of these tumors is important because treatment options by alternative chemotherapy have been administered with promising responses, although transiently, in particular to cisplatin-based chemotherapy (11) .
Tumor angiogenesis plays a critical role in cancer progression and metastasis. One of the major factors that have been demonstrated to be involved in cancer angiogenesis is vascular endothelial growth factor (VEGF). VEGF mRNA expression is induced by exposure to low oxygen tension, and several major growth factors (TGF-·, TGF-ß, keratinocyte growth factor/FGF-7, insulin-like growth factor-1, fibroblast growth factor 4/FGF-4 and platelet-derived growth factor) and inflammatory cytokines (IL-1· and IL-6) are expressed under various pathophysiological conditions (12) (13) (14) . Some of these factors are highly expressed in colorectal cancer tissues (15, 16) . Previous studies of human colon cancer have shown that VEGF is associated with microvessel density (MVD) and metastasis (17, 18) , and is considered as a prognostic factor (19) (20) (21) .
The underlying mechanism of the aggressiveness of NE carcinomas has not yet been clarified. The aim of this study is to detect NE cell differentiation in PD adenocarcinoma by immunohistochemistry and to clarify its clinicopathological significance. We report that PD adenocarcinoma with NE cell differentiation correlates with the frequency of liver metastasis and tends to correlate with MVD and VEGF expression.
Materials and methods
Patients. From January 1990 to December 2003, 2204 colorectal cancer patients underwent surgery at Nippon Medical School Hospital (Bunkyo-ku, Tokyo, Japan) or Nippon Medical School Chiba-Hokusou Hospital (Inba, Chiba, Japan). Fortyeight patients (2.2%) diagnosed as having PD adenocarcinoma were enrolled in this study. Patients having carcinoid tumor, atypical carcinoid, adenocarcinoma composite carcinoid features (so-called adenocarcinoid tumors), and NE carcinoma were excluded. The obtained tissue samples were fixed in 20% formalin for 18-20 h and then embedded in paraffin. This study was carried out in accordance with the principles of the Declaration of Helsinki 1975.
Immunohistochemistry. Paraffin-embedded tissue sections (3.5 μm) were immunostained using a Histofine Simple Stain PO (R) or (M) Max kit (Nichirei, Tokyo, Japan). After deparaffinization, endogenous peroxidase activity was blocked by incubation with 0.3% hydrogen peroxide in methanol for 30 min. The tissue sections were then incubated with an appropriate antibody [1:1000 dilution for the rabbit polyclonal anti-chromogranin A antibody (DakoPatts, Glostrup, Denmark); 1:500 dilution for the rabbit polyclonal antisynaptophysin antibody (DakoPatts), 1:150 dilution for the mouse monoclonal anti-CD34 antibody (Nichirei, Tokyo, Japan), 1:200 dilution for the mouse monoclonal anti-D2-40 antibody (Dako Cytomation, Glostrup), 1:200 dilution for the rabbit polyclonal anti-VEGF antibody (A-20, Santa Cruz Biotech., CA, USA)] in PBS containing 1% bovine serum albumin (BSA) for 16 h at 4˚C. Bound antibodies were detected with Simple Stain PO (R) or (M) Max reagents using diaminobenzidine-tetrahydrochloride (DAB) as the substrate, and the sections were counterstained with Mayer's hematoxylin. Negative controls were prepared by following the same procedure without the primary antibody staining.
PD adenocarcinoma with NE cell differentiation. PD adenocarcinoma with NE cell differentiation was determined by immunohistochemical staining with NE markers (chromogranin A and synaptophysin). When the immunoreactivity of either of the markers was >2% in the tumor cells, a diagnosis of PD adenocarcinoma with NE cell differentiation was given according to a previous report (10, 22) . The NE cells of the non-neoplastic mucosa served as positive control for the immunoreaction.
Microvessel density. MVD was determined according to the international consensus report (23) . Immunostained sections with anti-CD34 antibody were scanned at x100 to identify the areas with the highest number of microvessels. Each image was captured using the Olympus DP12 digital camera system (Olympus Optical, Tokyo, Japan) attached to an Olympus AX80 microscope at x200. Each x200 magnification area measured 0.64 mm 2 . Microvessel counting was performed on five separate areas. All stained endothelial cells or cell clusters were counted as one microvessel. If two or more positive foci seemed to belong to a single continuous vessel, they were counted as one microvessel. Furthermore, we observed that CD34-positive endothelial cells were not positive for D2-40, which has been demonstrated to react with lymphatic endothelial cells but not with vascular endothelial cells (24, 25) . The presence of microvessel lumen was not required for the counting. The mean of the counts was used for analysis.
Estimation of VEGF expression by immunostaining. VEGF was considered to be present when unequivocal cytoplasmic staining was observed in the tumor cells, regardless of the number of cells stained. VEGF expression was analyzed in the invasive front of the tumor away from the tumor center where necrosis and hypoxia may induce VEGF expression. The intensity of staining for VEGF was graded as follows: -, no detectable staining; +, moderate staining; and 2+, strong staining in one field at x400 according to a previous report (26) . Vascular smooth muscle cells in the tissue samples were used as positive internal control for the VEGF staining. Two investigators (S.S. and T.I.) separately assessed the degree of staining without knowledge of the clinical data.
In situ hybridization. In situ hybridization was performed as previously described (27, 28) . Tissue sections were deparaffinized and incubated at RT for 20 min with 0.2 N HCl and then at 37˚C for 15 min with 100 μg/ml proteinase K. The sections were then postfixed for 5 min in PBS containing 4% paraformaldehyde (PFA), and incubated twice for 15 min each with PBS containing 2 mg/ml glycine at RT and once in 50% (V/V) formamide/2X SSC for 1 h at 42˚C prior to the initiation of the hybridization reaction. The hybridization buffer contained 0.6 M NaCl, 1 mM EDTA, 10 mM Tris-HCl (pH 7.6), 0.25% SDS, 200 mg/ml yeast tRNA, lX Denhard's solution, 10% dextran sulfate, 40% formamide and the indicated digoxigeninlabeled riboprobe at 5 ng/ml. Hybridization was performed in a moist chamber for 16 h at 42˚C. The sections were then washed sequentially with 2X SSC for 20 min at 42˚C, and 0.2X SSC for 20 min at 42˚C. For immunological detection, the DIG nucleic acid detection kit was used. The sections were washed briefly with buffer 1 (100 mM Tris-HCl and 150 mM NaCl, pH 7.5) and incubated with 1% (W/V) blocking reagent in buffer 1 solution for 60 min at RT, and thereafter with alkaline-phosphatase-conjugated polyclonal sheep antidigoxigenin Fab fragment containing 0.2% Tween-20 at a l:2000 dilution for 60 min at RT. The sections were then washed twice for 15 min at RT with buffer 1 solution containing 0.2% Tween-20, equilibrated with buffer 3 solution (100 mM Tris-HCl, 100 mM NaCl, 50 mM MgCl 2 , pH 9.5) for 2 min, and incubated with a staining solution containing nitroblue tetrazolium and X-phosphate in a dark box for 1 h. After the reaction was stopped with TE buffer (10 mM Tris-HCl and 1 mM EDTA, pH 8.0), the sections were mounted with an aqueous mounting medium. The sections were observed using a differential interference contrast (DIC) system attached to a Nikon Eclipse 80i microscope (Nikon, Tokyo, Japan).
Statistical analyses. The chi-square test was used to analyze the correlation of clinicopathological factors between PD adenocarcinomas with NE cell differentiation and PD adenocarcinomas without NE cell differentiation, and the correlation of clinicopathological factors between VEGF-positive PD adenocarcinomas and VEGF-negative PD adenocarcinomas. The unpaired t-test was used to analyze the correlation of age between each group. The Mann Whitney U-test was used to compare MVD between PD adenocarcinoma with or without NE cell differentiation. The overall survival curves were computed according to the Kaplan-Meier method; differences in overall survival were computed using the log-rank test. A p value of <0.05 was considered significant. Statistical analyses were performed using the StatView J version 4.5 (SAS Institute, Inc., Cary, NC, USA) software package.
Results

NE markers in PD adenocarcinoma with NE cell differentiation.
PD adenocarcinoma with NE cell differentiation did not show any characteristic NE morphology such as rosette or vascular rosette formations (Fig. 1, top) . However, five of the 48 patients (10.4%) were positive for chromogranin A (Fig. 1 , bottom left, arrowheads) and five of the 48 patients were positive for synaptophysin (Fig. 1, bottom right) by immunohistochemical staining. Two patients were positive both for chromogranin A and synaptophysin, thus eight of the 48 patients (16.7%) were diagnosed as having PD adenocarcinoma with NE cell differentiation ( Table I ). The clinicopathological findings of PD adenocarcinoma with NE cell differentiation are shown in Table II . The patients' ages ranged from 50 to 77 years (mean, 60.4); five patients were male and three patients were female. PD adenocarcinomas with NE cell differentiation were observed in the right colon (six patients) and in the rectum (two patients), but not in the left colon. Six of eight patients (75.0%) were diagnosed as having the advanced stage of PD adenocarcinoma with metastases.
Correlations between PD adenocarcinoma with NE cell differentiation and clinicopathological factors. No statistically significant correlations except with liver metastasis were observed between PD adenocarcinoma with NE cell differentiation and clinicopathologic factors (e.g. sex, age, location of tumor, depth of tumor, stage of tumor, lymphatic invasion, vascular invasion, lymph node metastasis, lung metastasis and peritoneal dissemination). The incidence rate of liver metastasis in the patients having PD adenocarcinoma with NE cell differentiation was 62.5% (five of eight patients), which was significantly higher than that in the patients having 
PD, poorly differentiated; NE, neuroendocrine.
-
PD adenocarcinoma without NE cell differentiation [20.0% (eight of 40 patients), p=0.03] ( Table III) . The overall survival rate of the patients having PD adenocarcinoma with NE cell differentiation was lower than that of the patients having PD adenocarcinoma without NE cell differentiation; however, it was not statistically significant (Fig. 2) . In the patients having PD adenocarcinoma with NE cell differentiation, the one-year survival rate was 35.0% and the three-year survival rate was 17.5%, whereas the one-year survival rate was 46.3% and the three-year survival rate was 30.3% in the patients having PD adenocarcinoma without NE cell differentiation.
MVD of PD adenocarcinoma with and without NE cell differentiation. To differentiate vascular endothelial cells and lymphatic endothelial cells in the tumors, immunohistochemistry using CD34 and D2-40 antibodies was performed. Vascular endothelial cells in colorectal cancer cell nests were positively stained for CD34 (Fig. 3 , top left and bottom left, arrows), but not for D2-40 (Fig. 3 , top right and bottom right, arrows). In contrast, lymphatic endothelial cells were not positively stained for CD34 (Fig. 3 , bottom left, arrowhead), but were positively stained for D2-40 (Fig. 3 , bottom right, arrowhead). MVD determined with CD34 antibody ranged from 18.0 to 84.6, with a mean value ± standard deviation of 43.1±16.2. MVD tended to be higher in PD adenocarcinoma with NE cell differentiation than in PD adenocarcinoma without NE cell differentiation (51.0±7.1 and 41.5±2.4, p=0.13, respectively) (Fig. 4) .
Relationship between NE cell differentiation and VEGF expression. In our study, PD adenocarcinomas with NE cell differentiation have a higher ratio of liver metastasis and higher MVD than PD adenocarcinomas without NE cell differentiation. Therefore, we compared the VEGF expression rate between PD adenocarcinoma with NE cell differentiation and PD adenocarcinoma without NE cell differentiation. VEGF immunoreactivity was localized mostly in the cytoplasm of cancer cells, and strongly localized in the cancer cells at the Table II . Pathological findings of immunohistochemical staining of PD adenocarcinoma with NE cell differentiation.
- 
----------------------------------------------------------------------------------------------------Case Age Gender Site Depth of Lymphatic Venous Lymph Liver Lung Peritoneal Chromogranin A Synaptophysin VEGF no. (years) invasion invasion invasion node metastasis metastasis dissemination metastasis -----------------------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------------------
PD: poorly differentiated; NE: neuroendocrine.
- invasive front of the tumor (Fig. 5 , top left, arrows and inset). Serial sections from the immunohistochemistry and in situ hybridization analyses showed VEGF and its mRNA expression in the cancer cells (Fig. 5 , top right and bottom left, respectively). Sense probe analysis did not show any positive signals (Fig. 5, bottom right) . VEGF expression tended to be higher in PD adenocarcinoma with NE cell differentiation than in PD adenocarcinoma without NE cell differentiation [50.0% (four of eight patients) and 17.5% (seven of 40 patients), respectively, p=0.068] (Table IV) . 
----------------------------------------------------------------------------------------------------
------------------------------------------------
NE, neuroendocrine; PD, poorly differentiated; NE group, group of PD adenocarcinoma patients with NE cell differentiation; non-NE group, group of PD adenocarcinoma patients without NE cell differentiation; a statistically significant (P<0.05).
- Figure 4 . MVD of PD adenocarcinoma with and without NE cell differentiation. MVD determined by immunohistochemical staining with CD34 antibody tended to be higher in PD adenocarcinoma with NE cell differentiation than in PD adenocarcinoma without NE cell differentiation (51.0±7.1 and 41.5±2.4, mean ± SD, respectively, p=0.13). positive tumors was 18.2% (two of 11 patients), which was significantly higher than that in patients with VEGF-negative tumors [0% (none of 37 patients), p=0.049] and the incidence rate of liver metastasis tended to be higher in patients with VEGF-positive tumors (p=0.14) ( Table V) .
Discussion
Cancer cells with NE cell differentiation have been observed in gastrointestinal carcinomas (29, 30) . NE cell differentiation in colorectal carcinomas is often difficult to diagnose by routine H&E staining. The immunohistochemical studies of undifferentiated and PD colorectal adenocarcinomas have also shown NE cell differentiation (7, 31, 32) . These studies were conducted employing a number of monoclonal antibodies that recognize antigens indicative of NE and exocrine features.
In this study, we examined PD adenocarcinoma with NE cell differentiation by immunohistochemistry using two NE markers. However, the classification between NE carcinoma and adenocarcinoma with NE cell differentiation remains unclear and their definitions have not yet been determined. In this study, we excluded typical NE carcinomas and defined PD adenocarcinoma with NE cell differentiation according to a previous report as having >2% of cancer cell population expressing chromogranin A or synaptophysin or both (10, 22) , because a normal colorectal epithelium contains up to 2% NE cells (33) .
PD adenocarcinoma is a rare histological type, so extensive analysis of a sufficient number of samples for statistical evaluation has been difficult. In this study, we collected clinical information on 48 patients having PD adenocarcinoma from 2204 colorectal cancer patients. Similar to previous reports (0.1-3.9%) (7) (8) (9) 31, (34) (35) (36) , the frequency of PD adenocarcinoma with NE cell differentiation was 0.36% and all of the PD adenocarcinomas with NE cell differentiation were localized only in the right colon and rectum. The overall survival rate was not significantly different between patients having PD adenocarcinoma with NE cell differentiation and patients having common PD adenocarcinoma; however, the frequency of liver metastasis at the time of diagnosis was significantly higher in patients having PD adenocarcinoma with NE cell differentiation. Grabowski et al also showed a high frequency of liver metastasis in patients having undifferentiated carcinoma with NE cell differentiation (22) . These findings provide an interesting hypothesis that NE cell differentiation of tumors may be related to their increased liver metastatic activity and a more aggressive course of the disease.
The biological mechanisms of PD adenocarcinoma with NE cell differentiation and distant metastasis remain unclarified. Biogenic amines and polypeptide hormones play a role in the growth regulation of normal and neoplastic intestinal epithelia (37) . Hypothetically, NE tumor cells can stimulate growth and metastatic capacity through the secretion of neurohormonal substances by the autocrine or paracrine loop. In several human cancers, tumor angiogenesis has been regarded as an important factor for tumor growth and metastasis (38) (39) (40) . MVD has Table V . Correlation between clinicopathological findings and VEGF expression in PD adenocarcinoma patients. 
PD, poorly differentiated; a statistically significant (P<0.05).
- Table IV . Relationship between NE cell differentiation and VEGF expression. --------------------------------------------------- ----------------------------------------------------- PD, poorly differentiated; NE, neuroendocrine.
been reported to be a prognostic factor in colon cancer (21) . In our study, MVD determined by immunohistochemistry using CD34 antibody tended to be higher in PD adenocarcinoma with NE cell differentiation than in patients having common PD adenocarcinoma. The high MVD of PD adenocarcinoma with NE cell differentiation may indicate an increased metastatic capacity.
VEGF has been demonstrated to induce endothelial cell migration, proliferation, and invasion (41) (42) (43) (44) . VEGF expression is useful for predicting distant recurrence in patients with stage II colon cancer (21, 45) . VEGF expression in colorectal cancer has been shown to be associated with various clinicopathological factors such as vascular invasion and distant metastasis (17, 19, 20) . In our study, PD adenocarcinoma with NE cell differentiation tended to have a high VEGF expression level. Interestingly, three of four patients who had VEGF-positive tumors with NE cell differentiation had liver metastasis. On the other hand, VEGF expression was significantly correlated with vascular invasion and lung metastasis, and tended to be correlated with liver metastasis in all PD adenocarcinoma patients. The number of cases studied are limited; however, VEGF may play a partial role in the liver metastasis of PD adenocarcinoma with NE cell differentiation. Previous reports have shown that VEGF expression can be used as a prognostic factor for colorectal cancer (19) (20) (21) ; however, it had no correlation with the survival rate of our colorectal PD adenocarcinoma patients. We presumed that PD adenocarcinoma has a very poor prognosis; thus, the overall survival rate may not significantly differ between patients having PD adenocarcinoma with VEGF expression and those having PD adenocarcinoma without VEGF expression.
The prognosis of NE carcinoma is poor; however, there is no established therapy yet. In in vivo studies, neutralizing VEGF antibodies administered to mice bearing human colon cancer xenografts decrease tumor growth and inhibit experimental metastasis (46) . Human monoclonal antibody to VEGF (rhuMab VEGF), in combination with a conventional chemotherapy, has been shown to increase the time for tumors to develop and even the survival rates of patients with colorectal cancer producing distant metastases (47, 48) . In addition to cisplatin-based chemotherapy for NE carcinoma, there is a possibility that patients may benefit from VEGFinhibiting agents (49) .
In summary, NE cell differentiation of PD colorectal adenocarcinoma was correlated with liver metastasis and tended to be associated with a higher MVD and VEGF expression. Additional studies of immunohistochemical staining with NE markers for PD adenocarcinoma are necessary to evaluate the correlation between NE cell differentiation of PD adenocarcinoma and vascular invasion, and the effectiveness of anti-angiogenic therapy against the tumor.
